Abstract. Herbivores that oviposit in flowers of animal-pollinated plants depend on pollinators for seed production and are therefore expected to choose flowers that attract pollinators. This provides a mechanism by which seed herbivores and pollinators could impose conflicting selection on floral traits. We measured phenotypic selection on floral traits of Lobelia siphilitica (Lobeliaceae) via female fitness to determine the relative strength of selection by pollinators and a specialist predispersal seed herbivore. We were able to attribute selection on flowering phenology to the herbivores. However, no selection could be attributed to pollinators, resulting in no conflicting selection on floral traits. Unlike pollinators, whose preference for certain floral traits does not always translate into higher fitness, any discrimination by seed herbivores is likely to decrease fitness of the preferred floral phenotype. Thus predispersal seed herbivores may be a significant agent of selection on floral traits.
INTRODUCTION
Biologists studying floral evolution have traditionally assumed that pollinators are the primary agent of natural selection (e.g., Fenster et al. 2004 ). However, selection by pollinators is unable to account for all of the observed variation in floral traits, suggesting that other ecological factors must also influence floral evolution (Galen 1999) . In particular, because floral displays can be perceived by many organisms (Raguso 2004) , they may represent an evolutionary compromise between the preferences of mutualists and antagonists (e.g., Strauss and Irwin 2004) . Herbivores may alter pollinatormediated selection by changing pollinator behavior. For example, damaged plants may have less attractive flowers, which can influence pollinator preferences (e.g., McCall and Irwin 2006) . If this change in pollinator behavior alters the relationship between floral traits and fitness, then natural selection on floral traits would differ in the presence and absence of herbivores. Alternatively, herbivores could exert direct selection on floral traits by damaging plants with a particular floral phenotype and reducing their relative fitness (Pilson 2000 , Cariveau et al. 2004 . However, because the agents of selection on floral traits are rarely identified , we have few data on the relative importance of mutualists and antagonists in shaping floral evolution.
Antagonistic predispersal seed herbivores are particularly likely to exert selection on floral traits for two reasons. First, the larvae of many predispersal seed herbivores (seed herbivores hereafter) develop by consuming seeds and other reproductive tissues (e.g., Westerbergh and Westerbergh 2001) . Consequently, their effects on plant fitness are direct, and if damage covaries with floral traits, then seed herbivores will alter the relative fitness of preferred phenotypes and exert selection on those traits. Second, herbivores that oviposit onto flowers of outcrossing, animal-pollinated plants depend upon pollinators to provision their larvae (Strauss and Irwin 2004) . Therefore, herbivores should oviposit on flowers that are attractive to pollinators because they are most likely to set fruit.
If pollinators and herbivores prefer the same floral traits, then they could impose conflicting natural selection on these traits (Strauss and Irwin 2004) . For example, both pollinators and seed herbivores can prefer larger flowers (e.g., Kudoh and Whigham 1998) , larger daily floral displays (e.g., Brody and Mitchell 1997) , and taller inflorescences (e.g., Cariveau et al. 2004) . Because pollinators increase seed set whereas seed-feeding herbivores reduce seed set, these shared preferences could result in conflicting selection on floral traits. However, shared preferences are necessary but not sufficient for pollinators and seed herbivores to exert conflicting selection. For floral preferences of mutualists and antagonists to result in natural selection, they must also covary with fitness .
Although many studies have measured natural selection by pollinators on floral traits (e.g., Galen 1996 , Conner 1997 , only three have measured selection by seed herbivores on these traits. By manipulating germination, Pilson (2000) found that flowering phenology, rather than a correlated trait, was the direct target of selection by seed herbivores. However, the relative strength of herbivore-vs. pollinator-mediated selection (Pilson 2000) . In contrast, Cariveau et al. (2004) and Rey et al. (2006) measured herbivore-and pollinator-mediated selection and found that seed herbivores exerted stronger selection on floral traits than pollinators. However, whether seed herbivores exert natural selection, upon which floral traits they exert selection, and the importance of this selection relative to that exerted by pollinators remain relatively unknown.
Flowering phenology is a likely target of natural selection by both pollinators and seed herbivores (Brody 1997 ) because insect and flower abundance vary seasonally. Consequently, plants should have higher fitness when flowering coincides with pollinator but not seed herbivore abundance. Because flowering phenology is often correlated with other traits such as plant size (Wada and Uemura 2000) , flower size (Wright and Meagher 2004) , and flower number (Ollerton and Lack 1998) , manipulating phenology can help to determine whether it is a target of natural selection (Conner and Hartl 2004) .
We determined the targets and relative importance of natural selection by pollinators and seed herbivores on floral traits of Lobelia siphilitica L. (Lobeliaceae). Lobelia siphilitica is pollinated primarily by bumble bees (Bombus spp.; Beaudoin Yetter 1989) and is attacked by a specialist predispersal seed-consuming weevil, Cleopmiarus hispidulus LeConte (Coleoptera: Curculionidae; Anderson 1973) . Selection on floral traits of L. siphilitica via female fitness has been detected (Johnston 1991a , Caruso et al. 2003b ), but the agents of selection were not identified. However, reproduction of L. siphilitica can be pollen-limited (Johnston 1991b) , suggesting that pollinators could exert selection on floral traits via female fitness. A survey of six L. siphilitica populations in Ontario, New York, and Iowa indicated that 65-100% of plants had seeds consumed by C. hispidulus in 2003 and of the damaged plants 40-84% of their fruits were damaged. In addition, within an individual plant, fruits produced earlier in the season were more likely to have been attacked by C. hispidulus (Parachnowitsch 2005) . These data suggest that C. hispidulus could exert selection on floral traits of L. siphilitica via female fitness and, in particular, that flowering phenology could be a target of selection.
We manipulated pollination and flowering time to address three questions: (1) To what extent is phenotypic selection on floral traits via female fitness attributable to pollinators vs. seed herbivores? (2) Is flowering phenology a direct target of phenotypic selection by pollinators and/or seed herbivores? (3) Do pollinators and seed herbivores exert conflicting phenotypic selection on floral traits?
MATERIALS AND METHODS
Study system and study site Lobelia siphilitica is a short-lived, herbaceous perennial native to eastern North America. It reproduces by a single racemose inflorescence, although some individuals produce additional lateral inflorescences. Lobelia siphilitica is self-compatible but flowers are protandrous, making pollinators essential for seed set (Johnston 1992) . In Ontario, plants flower from late July into September and fruits ripen by September and early October (A. L. Parachnowitsch, personal observation). Although L. siphilitica is gynodioecious (Dudle et al. 2001) , female plants are rare (,10%) in the northern part of its range (Caruso and Case 2007) and therefore were not included in this study.
Lobelia siphilitica is attacked by C. hispidulus (synonymous with Miarus hispidulus), a weevil native to eastern North American (Anderson 1964) . Cleopmiarus hispidulus colonizes L. inflata, L. cardinalis (Anderson 1973) , and L. siphilitica. They oviposit just prior to bud break and throughout flowering, suggesting they could use the same floral cues as pollinators to locate hosts. Larvae feed on ovules and developing seeds, pupate within the fruit, and emerge in the fall after chewing an exit hole or upon fruit dehiscence. Cleopmiarus hispidulus adults feed on pollen and nectar of L. siphilitica but do not pollinate the flowers (A. L. Parachnowitsch, personal observation).
Experimental design
Germination and growth.-In 2004, we germinated at least 50 seeds from a single L. siphilitica fruit collected from each of 40 open-pollinated maternal families growing near Guelph, Ontario, Canada (43832.797 0 N, 80810.835 0 W). We manipulated phenology by dividing seeds from each family into early-and late-germinating cohorts. This manipulation, by extending the phenotypic variation in flowering phenology, increased our power to detect selection on date of first flower (e.g., Conner 2003) . It also allowed us to test whether date of first flower was a direct target of selection (reviewed in Conner and Hartl 2004) . We stratified the seeds at 48C for eight weeks (Johnston 1992 ) starting on 25 February and 19 March 2004, respectively. Seeds were then planted in 6 3 6 cm pots filled with a 1:2 mixture of Pro-mix NCX and Pro-mix BX (Premier Horticulture, Rivie`re-du-Loup, Quebec, Canada). After six weeks, nine seedlings per family were transplanted to 9 3 9 cm pots. Plants were watered as necessary, fertilized once with 6 g/pot of Osmocote Classic 14-14-14 (Scotts, Marysville, Ohio, USA) and exposed to supplemental light (16-h days). Randomly placed flats of pots were rotated weekly to minimize effects of greenhouse position on growth.
Field measurements and manipulations.-Plants from 30 families that had successfully bolted, but not yet flowered, were transplanted back into the L. siphilitica population on 26 July 2004 in a randomized complete block design. We randomly assigned two siblings from each combination of family and cohort to a handpollination treatment and two to an open-pollination treatment. This resulted in four combinations of cohort and pollination treatment (hand/early, hand/late, open/ early, and open/late) with eight plants per family (240 plants total). By using a family structure, we were able to create treatments with plants that were as similar as possible to one another (because they were siblings) except that they differed in flowering phenology and pollination. The experimental population began flowering at approximately the same time as the wild plants at the site. However, experimental plants produced more flowers, resulting in a longer flowering span (A. L. Parachnowitsch, personal observation).
Every two to three days, each female-phase flower in the hand-pollination treatment received supplemental pollen from a mixture of one to six greenhouse-grown plants from the original pool of 40 families. Because flowers remain open for approximately seven days, this protocol ensured that each was hand-pollinated at least once. Open-pollinated plants were unmanipulated. The hand-pollination treatment allowed us to determine whether seed set was pollen-limited (reviewed in ). When reproduction is not pollenlimited, all plants receive adequate pollen for seed set, regardless of whether they have traits that increase the quality and quantity of pollen deposited or not, and therefore the relationship between the amount of pollen deposited by pollinators and seed set will be weak. Consequently, selection by pollinators on floral traits via female fitness is weak or nonexistent without pollen limitation (Johnston 1991a , b, Galen 1996 .
We measured 10 floral traits that have been shown to be under phenotypic selection in L. siphilitica (Johnston 1991a , Caruso et al. 2003b ) and/or had potential for selection by pollinators and seed herbivores: date of first flower, number of days flowering, daily display size, total number of flowers, number of fruits aborted, inflorescence height, lateral branch number, petal width, petal length, and floral tube length. Plants were censused every two to three days to estimate the date of first flower, number of days flowering, and number of open flowers (daily display size). We estimated the number of aborted fruits because seed herbivores might select for higher abortion rates (e.g., Thompson and Cunningham 2002) . A fruit was counted as aborted if it did not produce any seeds and was much smaller than fruits that produced mature seeds. At the end of flowering, we counted the number of mature fruits for each plant and added aborted and mature fruits to estimate total flower number. Inflorescence height was measured on 16 September 2004 as the distance from the ground to the topmost flower. Because plants varied in lateral branch number, we included branch number as an inflorescence architecture trait. We measured three components of flower size, including the width and length of the three semi-fused petals that function as a pollinator landing pad and the length of the corolla tube. Approximately five male and five female phase flowers were measured per plant to encompass any differences in flower size between sexual phases (e.g., Diggle 1995) . To reduce the number of traits included in our regression and path analyses, we then estimated overall flower size as the geometric mean of petal length, petal width, and floral tube length (e.g., Mosimann and James 1979, Williams and .
We collected fruits after they fully matured to allow normal seed consumption by C. hispidulus larvae. To estimate the proportion of fruits damaged, we opened every other fruit along the main inflorescence and five randomly sampled fruits from lateral branches. Damage was indicated by the presence of C. hispidulus, frass, and/or exit holes. Number of fruits damaged was estimated for the main and lateral branches separately by multiplying the proportion of fruits damaged on each branch type by the total fruit number for that branch type. We then summed the two estimates to calculate the total number of fruits damaged.
Female fitness was estimated as total seed production. We counted seeds from every fourth fruit except for 23 plants with few fruits for which we counted seeds from every second fruit. Because the seeds were too numerous to count by hand, we used GeneSnap (Syngene, Frederick, Maryland, USA) to create digital images of the seeds and ProtoCOL (Synbiosis, Frederick, Maryland, USA) to count the image. Because fruits on the main inflorescence produced more seeds (415 6 13 seeds) than those on lateral branches (278 6 11 seeds; t 142 ¼ 9.439, P , 0.0001), we estimated seed set for them separately before adding the estimates. Total main inflorescence seed number was estimated by multiplying mean seed number in damaged and undamaged fruit by the number of fruits in each of these categories and summing across categories. The mean seed number from five fruits was used to estimate lateral branch seed number because very few of these fruits were attacked.
We used two data sets to determine whether and how C. hispidulus damage, floral traits, and fitness of our experimental plants differed from co-occurring wild plants. First, we selected 80 wild L. siphilitica plants paired for early and late flowering and counted the total number of flowers, fruits, and damaged fruits. Second, petal length and floral tube length were measured on a separate sample of 120 plants. Because we did not estimate fitness, we were unable to use these data sets to measure phenotypic selection on floral traits of wild plants.
Statistical analysis
Sixty-eight plants died prior to seed set because of trampling, transplant shock, or disease and were excluded from all analyses. An additional 18 female plants were excluded because they differ phenotypically from hermaphrodites (Caruso et al. 2003a ). Variances were generally homoscedastic (Levene's test) but residuals were generally not normally distributed (ShapiroWilk) . No transformations improved normality; however ANOVA is robust to these deviations and data plots showed that they were not highly skewed (Littell et al. 2002) . We performed all analyses using SAS version 8.02
(SAS Institute, Cary, North Carolina, USA), and an a level of 0.05 was used for all tests.
Floral traits, fitness measures, and seed herbivore damage.-To determine whether traits (date of first flower, number of days flowering, daily display size, total number of flowers, number of fruits aborted, inflorescence height, lateral branch number, petal width, petal length, and floral tube length), fitness (seed number, fruit number, and seeds per fruit), and C. hispidulus damage (absolute number and proportion of fruits damaged) differed among treatments, we used analysis of variance (ANOVA). Family and block were considered random effects, and cohort, pollination treatment, and their interaction were considered fixed effects. Family 3 treatment interactions were not significant and were removed from the models. We do not present P values for family main effects because they were not significant. To test whether seed set differed between damaged and undamaged fruits on the main inflorescence, we used paired t tests. All means presented include 61 SE.
Relationship between seed herbivore damage and traits.-To test for relationships between phenotypic traits and damage by seed herbivores, we regressed the number of fruits damaged per plant on six floral traits (date of first flower, daily display size, total number of flowers, number of fruits aborted, inflorescence height, and flower size) using multivariate regression. In addition, we regressed the number of damaged fruits on the date of first flower separately for each cohort to assess whether the relationship differed between cohorts. In these analyses, as well as in the path analyses, we used the absolute number of fruits damaged rather than the proportion. Although proportional damage is often used in herbivory studies to control for the effect of plant size, we used absolute damage in our analyses because we wanted to test for the effect of plant size (i.e., flower number) on weevil damage.
Comparisons to the natural population.-We used t tests to compare petal width, floral tube length, total number of flowers, fruit number, and fruit damage (both absolute and proportional) between experimental and wild plants.
Measuring selection.-We estimated standardized directional (b) and quadratic (stabilizing or disruptive; c) selection gradients for six floral traits (date of first flower, daily display size, total number of flowers, number of fruits aborted, inflorescence height, and flower size) using multiple regression. We did not include the number of days flowering and number of lateral branches in the selection gradient analysis because selection on these traits was never significant (data not shown). The number of lateral branches was also strongly correlated with display size (Appendix C), which was included. Selection gradients estimate direct selection on traits, controlling for correlations with other measured traits (Lande and Arnold 1983) . We estimated selection gradients for the entire data set (N ¼ 154 plants) to estimate the overall strength and direction of selection within the experimental population. Selection gradients were also estimated separately for each pollination treatment to test whether pollinators are exerting selection on floral traits. For these and all subsequent selection analyses, we relativized fitness by dividing by the population or treatment mean fitness (Lande and Arnold 1983) and standardized traits to a mean of zero and a variance of one (Z transformation; Sokal and Rohlf 1995) . We used relativized total seed set as the dependent variable. As in Lande and Arnold (1983) , directional selection gradients were estimated using a regression model that contained only a linear term for each trait, whereas quadratic selection gradients were estimated using a model that contained both linear and squared terms. We also calculated all selection analyses with family included to control for known relatedness among our plants. Because the family term was not significant in any analysis and its addition did not qualitatively change any of the selection estimates, we present the models without family included. We do not present correlational selection gradients because we did not have specific predictions of correlational selection among our traits.
We tested whether selection differed between pollination treatments using a multivariate ANCOVA model in which the independent variables were pollination treatment, linear terms for the six phenotypic traits, quadratic terms for each trait, and all treatment 3 trait interactions. Relativized total seed number was the dependent variable. A significant interaction term indicated that selection differed between treatments. If selection on a floral trait differed between treatments and selection was stronger in the open-pollination treatment than in the hand-pollination treatment, then we inferred that pollinators were exerting natural selection on that trait (e.g., Totland et al. 1998) .
We were unable to use this same method to test for selection by seed herbivores because we could not exclude C. hispidulus using mesh bags or pesticides without also excluding or affecting pollinators. Instead, we used path analysis and structural equation modeling (SEM) to test our hypothesis that selection on floral traits of L. siphilitica was mediated by C. hispidulus. Preliminary selection analyses with and without C. hispidulus damage included as a covariate (Pilson 2000) indicated that herbivores were selecting for later flowering (data not shown). Consequently, we constructed three alternative, nested path models (Fig. 1) . We included date of first flower, number of flowers, number of aborted fruits, inflorescence height, and flower size in all models because selection gradients for these traits were significant (Table 1) . In model A, C. hispidulus damage did not mediate selection on any trait via total seed number. In model B, selection on date of first flower was mediated by damage. In model C, selection on both date of first flower and flower number were mediated by damage. We included model C because seed herbivore damage was higher for plants with more flowers (see Results). Using SEM, we statistically tested which model provided the best fit to our data (Mitchell 1992) . A nonsignificant v 2 value indicates that a model is not significantly different from the observed correlations in the data and therefore is a good fit. We also include Akaike's information criterion (AIC) to compare models. The model with the lowest AIC best fits the data. If seed herbivores select for later flowering, then models B and C should be a better fit to the data than model A.
RESULTS

Phenotypic traits
Date of first flower, number of days flowering, total number of flowers, number of fruits aborted, and petal length differed between phenology and/or pollination treatments (Appendix A). The early cohort began flowering 13 days before the late cohort ( 
Fitness
With the exception of seeds per fruit, fitness and its components did not differ between cohorts, pollination treatments, or cohort 3 pollination treatment combinations (Appendix A). Total seed number did not differ between cohorts (F 1,63 ¼ 0.63, P ¼ 0.43), nor did fruit number (F 1,63 ¼ 3.01, P ¼ 0.06). However, the late cohort produced more seeds per fruit than the early cohort (F 1,63 ¼ 5.95, P ¼ 0.02). We found no evidence for pollen limitation in the experimental plants. Total seed number (F 1,63 ¼ 0.00, P ¼ 0.97), fruit number (F 1,63 ¼ 0.08, P ¼ 0.8), and seeds per fruit (F 1,63 ¼ 1.05, P ¼ 0.31) did not significantly differ between the open-and hand-pollinated plants.
Seed herbivore damage
The intensity of damage differed between cohorts, but not between pollination treatments or cohort 3 pollination treatment combinations (Appendix A). Cleopmiarus hispidulus damaged 89% of the experimental L. siphilitica plants, consuming 21% 6 2% of their fruits. Damaged fruit had ;25% fewer seeds (340 6 17 seeds) than undamaged fruit (461 6 13 seeds) on the same plant (t 135 ¼ 8.497, P , 0.0001). The early cohort had three times the absolute number of fruits damaged (F 1,63 ¼ 44.08, P , 0.0001) and twice the proportion of fruits In model A, floral traits have only direct effects on relative fitness. In model B, date of first flower has an indirect effect on relative fitness via the number of fruits damaged by the weevil Cleopmiarus hispidulus. In model C, both date of first flower and total flower number have indirect effects on relative fitness via the number of fruits damaged by C. hispidulus. Path coefficients are presented with asterisks to show significance (* P , 0.05; ** P , 0.01; *** P , 0.001). Goodness-of-fit statistics for the three path models are given in Table 2 Notes: Flower size is the geometric mean of three floral morphology measurements. Selection was measured for plants pooled across treatments (N ¼ 154). Asterisks indicate whether the gradient was significantly different from zero (* P , 0.05; ** P , 0.01; *** P , 0.001; **** P , 0.0001). damaged relative to the late cohort (F 1,63 ¼ 35.95, P , 0.0001; Appendix A). Within both the early (regression coefficient ¼ À0.83 6 0.27, F 1,64 ¼ 9.81, P ¼ 0.003) and late cohorts (À0.71 6 0.11, F 1,86 ¼ 39.61, P , 0.0001), L. siphilitica plants that flowered earlier suffered more damage (Fig. 2) .
Relationship between seed herbivore damage and traits Cleopmiarus hispidulus damage was correlated with three phenotypic traits of L. siphilitica. Seed herbivores damaged more fruits on plants that flowered earlier, had smaller display sizes, and produced more flowers (Appendix B).
Comparisons to the natural population
Experimental plants differed from wild plants in flower number, petal length, floral tube length, fruit number, and damage. Experimental plants produced six times as many flowers, (wild, 16 6 1 flowers, N ¼ 75 plants; experimental, 92 6 3 flowers, N ¼ 154 plants; t 172 ¼ 23.32, P , 0.0001) and had petals that were ;1 mm longer (t 298 ¼ 9.15, P , 0.0001) but floral tubes that were 1 mm shorter than wild plants (t 331 ¼ 8.52, P , 0.0001). Experimental plants also produced five times as many fruits as wild plants (wild, 16 6 1 fruits; experimental, 82 6 3 fruits; t 176 ¼ 22.45, P , 0.0001). However, the percentage of plants with damage was similar between the experimental (87%) and wild plants (97%) and the percentage of fruits damaged was higher in the wild plants (47% 6 2% vs. 21% 6 2%; t 228 ¼ 8.57, P , 0.0001).
Natural selection on phenotypic traits
Seed herbivores exerted selection on floral traits of L. siphilitica. When plants were pooled across treatments, there was significant directional selection for later flowering, more flowers, lower fruit abortion, taller inflorescences, and larger flowers, as well as quadratic selection on total flower number ( Table 1 ). The combination of significant linear and nonlinear selection on total flower number resulted in decelerating fitness gains as flower number increased (data not shown). The path analyses suggested that damage by C. hispidulus caused the phenotypic selection for later flowering. Specifically, the path models in which date of first flower had an indirect effect on seed set via damage (Fig. 1 , models B and C) better fit the data than the model in which phenology only had a direct effect on seed set (Fig. 1, model A; Table 2 ). In addition, when paths from date of first flower to damage were included in the model, the direct effect of flowering phenology on seed set was no longer significant (Fig. 1, models B and C) . The model including a path from flower number to damage (Fig. 1, model C) provides the best fit to the data ( Table 2 ) and indicates that plants with more flowers have higher damage.
Pollinators did not exert selection on floral traits of L. siphilitica. When phenotypic selection was estimated separately for hand-and open-pollinated plants, there was significant directional selection for later flowering, more flowers, lower fruit abortion, and taller inflorescences in both treatments. In addition, we detected quadratic selection on total flower number in the openpollination treatment. However, the strength of directional and quadratic selection on floral traits did not differ between the open-and hand-pollination treatments (Table 3) . fitness in 2004. The path analyses suggest that the effect of date of first flower on fitness was mediated by C. hispidulus damage and that seed herbivores were selecting for later flowering in our study population (Fig. 1, Table 2 ). Selection on the date of first flower became nonsignificant when damage was accounted for (Fig. 1 , models B and C), suggesting that the experimental population would be flowering at an optimal time in the absence of seed herbivores. In addition, our manipulation of flowering phenology suggests that date of first flower, rather than a correlated trait, determined damage by C. hispidulus. The early cohort had more fruits damaged than the late cohort, and within each cohort there was higher damage on plants that began flowering earlier (Appendix A, Fig. 2 ). Many studies have shown that predispersal seed herbivory and phenology are correlated (e.g., Brody 1997), and higher damage to early flowers is also common (e.g., Elzinga et al. 2007 ). However, only one other study (Pilson 2000) has experimentally manipulated phenology and shown that seed herbivores exert direct selection on phenology.
Evolutionary ecologists have long hypothesized that pollinators play an important role in floral evolution (reviewed in Fenster at al. 2004 ), but we found no evidence that pollinators were exerting selection on L. siphilitica via female fitness in 2004. Plants were not pollen limited (Appendix A), indicating that any pollinator preferences for floral traits did not covary with fitness because every plant received sufficient pollen to set seed. Thus, phenotypic selection on these traits did not differ between open-and hand-pollinated plants (Table 3 ). This suggests that even though L. siphilitica cannot set seeds in the absence of pollinators (Johnston 1992 ), pollinators may not be the agent selecting on floral traits via female fitness. However, pollen limitation has been found in one population of L. siphilitica in Michigan (Johnston 1991b) , suggesting that pollinators could select on floral traits via female fitness in some populations or years. In addition, pollinators may be the more important agent of selection on floral traits via male fitness (e.g., Morgan and Conner 2001 ), which we did not measure. However, C. hispidulus adults consume L. siphilitica pollen (A. L. Parachnowitsch, personal observation), suggesting that seed herbivores could also influence selection on floral traits via male fitness.
Contrary to our predictions, we found no conflicting selection on floral traits by pollinators and seed herbivores. Instead, pollinators did not exert selection via female fitness on any floral trait (Table 3) . Cariveau et al. (2004) also did not find conflicting selection by pollinators and seed herbivores on floral traits per se because there was no pollen limitation and selection by pollinators was not significant. Pollen limitation can be highly variable in space and time , Knight et al. 2005 , suggesting that selection by pollinators via female fitness may frequently be absent in natural populations. Therefore, our data suggest that a lack of pollen limitation may be a common reason why mutualists and antagonists do not exert conflicting selection, at least via female fitness.
Our use of experimental L. siphilitica plants and our inability to manipulate C. hispidulus could have influenced our results in three ways. First, we cannot rule out the possibility that differences in floral traits and damage between wild and experimental plants altered the strength of phenotypic selection. However, the proportion of fruits damaged by C. hispidulus was greater for wild than experimental plants, suggesting that our estimates of selection by seed herbivores could be conservative. Additionally, in six L. siphilitica populations in 2003, early fruits were more likely to be damaged than later-produced ones on the same inflorescence (Parachnowitsch 2005) , suggesting that seed herbivores also select for later flowering in wild plants. Second, because we could not manipulate C. hispidulus, we were unable to measure selection by pollinators in the absence of seed herbivores. To test whether selection by pollinators might have differed if seed herbivores were Notes: Asterisks indicate whether the gradient was significantly different than zero (* P , 0.05; ** P , 0.01; **** P , 0.0001). F and P values are from ANCOVAs testing whether selection differed between treatments. absent, we used seed counts from undamaged fruits as an estimate of L. siphilitica's fitness in the absence of seed herbivores. We found that seed number in undamaged fruits also did not differ between openand hand-pollinated plants (F 1,63 ¼ 0.86, P ¼ 0.36), suggesting that pollinators would not exert selection on floral traits even in the absence of seed herbivores. However, it is possible that selection by pollinators and seed herbivores is nonadditive (e.g., Herrera et al. 2002) , which we cannot test with our experimental design. Third, our methods to test whether pollinators and seed herbivores were agents of selection on floral traits differed. However, the experimental manipulation we used to determine whether pollinators were agents of selection was likely more powerful than the statistical approach used for seed herbivores, suggesting that our finding that seed herbivores were selecting on flowering phenology may be conservative. Despite these limitations, our experimental design also had some advantages. For example, by growing plants in the greenhouse and randomizing their placement in the field, we were able to reduce any biases in phenotypic selection due to environmental covariance between traits and fitness (Rausher 1992 ).
In conclusion, we found that seed herbivores, and not pollinators, were exerting selection on floral traits of L. siphilitica via female fitness in our experimental population in 2004. Specifically, we found that C. hispidulus selected for later flowering, whereas pollinators did not exert selection on any floral traits of L. siphilitica. Our study is one of the first to assess both the relative strength of selection by seed herbivores and pollinators and to determine the direct targets of selection by seed herbivores. It adds to a growing body of evidence that pollinators may not always be the most important agent of selection on floral traits in all populations and all years (e.g., Caruso 2001 , Cariveau et al. 2004 , Frey 2004 , Rey et al. 2006 . In particular, if pollen limitation varies in space and time, then even strong discrimination by pollinators will not always translate into female fitness benefits to the preferred phenotype (Totland 2004, Irwin and , although it may increase male fitness benefits. In contrast, discrimination by seed herbivores will likely always decrease female fitness of the preferred phenotype even if damage varies in space and time. This suggests that seed herbivores may play a role in floral evolution and more attention to their impacts is warranted.
